Given that human-wildlife conflicts are an everyday issue, we propose the use of captive bred birds to determine the effects that environmental acoustic disturbance may have on small passerines. We used greenfinches and located them at three rural and one urban site and collected faeces to measure corticosterone metabolites using enzyme immunoassays. We found that birds at the urban site excreted higher amounts of corticosterone metabolites than those at the natural sites, but that some natural sites also had high levels of corticosterone when noise levels were high. We conclude that captive bred individuals can be used to monitor sites where there may be possible effects of disturbance on wild individuals.
Introduction
The interaction between humans and wildlife more often than not, leads to a negative effect for wildlife in general. It is important to monitor how human activities affects the local fauna in order to determine appropriate compensatory or mitigation measures. Several attempts have been made to establish the reaction of a species to human disturbance, ranging from behavioural responses (Burger & Gochfeld, 1993; Sirot, 2006) , breeding success (Jakubas, 2005; Pearce-Higgins et al., 2007; Sandvik & Barrett, 2001) , mate choice (Rogers et al., 2006; Swaisgood, 2007) , flight initiation distance (Beale & Monaghan, 2004; Burger, 2003; Manor & Saltz, 2005) , immunocompetence (Amo et al., 2006; Martin et al., 2006) , glucocorticoids (Mostl & Palme, 2002; Palme et al., 2005; Walker et al., 2005a) , and cardiac response (De Villiers et al., 2006; Nimon et al., 1996; Walker et al., 2005b) . Most of the methods mentioned above require invasive techniques or may not reflect the real situation (Gill et al., 2001) . Out of all these methods, we used glucocorticoids as an indicator of stress in captive bred individuals.
Levels of corticosterone, the single best hormonal indicator of stress in birds, increase following stressful events (Harvey et al., 1984; Mostl & Palme, 2002) . The measurement of this hormone to estimate the stress of an individual can help us to determine if that individual is under constant disturbance and how different levels of disturbance produce different corticosterone levels (Walker et al., 2005a) . The presence of glucocorticoids can be assayed from avian blood plasma only a few minutes after a stressful event (Mostl & Palme, 2002) , however physical restraint to collect such samples is itself a known stressor (Silverin, 1998; Touma & Palme, 2005) . Non-invasive methods of sample collection overcome the dilemma of handling and caging of the individual, as they do not require the individual to be captured, and this may be particularly useful for wild animals, especially elusive species such as the large felids and in studies with a focus on adrenal stress hormones.
Steroids are metabolized mainly in the liver and excreted via the urine and faeces. Therefore, measured amounts of steroid hormone metabolites in droppings reflect an event that occurred a certain time ago, which allows the separation of the treatment and sampling phases of the experiment (Palme, 2005) . Concentrations of those metabolites in faeces reflect serum concentrations of corticosterone in blood allowing the non-invasive, non-stressful determination of corticosterone production as demonstrated for several species of birds (Touma & Palme, 2005) . Additionally, collection of droppings enables continuous monitoring from the same individual, even over long periods, with minimal disturbance of its activities and social environment. Glucocorticoids are useful as they help an individual to overcome a stressful situation, such as escaping from predators (Bokony et al., 2009) . However, if the individual is under stress for longer periods, the continuous presence of glucocorticoids can be detrimental in several ways, from weight loss, to immunosupression or reduced breeding success and ultimately death (Hood et al., 1998; Walker et al., 2006) . It was observed that stress hormones levels in faeces reflect stress hormones levels in blood, so it is a reliable method for analysing the effect of human disturbance from a physiological point of view .
With regard to birds, changes in behavioural responses to high levels of anthropogenic acoustic disturbance have been observed, such as singing at higher pitch (Slabbekoorn & Peet, 2003) or reduced breeding success (Slabbekoorn & Ripmeester, 2008) . On the other hand, no studies have addressed whether a given level of environmental acoustic disturbance would be reflected in stress hormone levels. The present study aims to test differences in stress hormone levels in captive-bred individuals of a wild species of bird while they are kept in cages at different locations and subjected to different levels of environmental acoustic disturbance.
The use of captive-bred birds, instead of individuals captured from the wild, to conduct this type of study is preferable as keeping wild birds in cages will induce an undetermined quantity of extra stress hormones that could lead to bias in the results (Piersma & Ramenofsky, 1998) .
In our study, captive-bred greenfinches (Carduelis chloris), a widespread Palaearctic passerine species commonly found in both rural and urban habitats, were used. Birds were housed at four different sites, one in the centre of Venice, Italy, and three in natural protected areas at the border of the Venice lagoon. Noise disturbance resulted to be of a comparable level in Venice as well in two out three of the rural sites, while at the other site acoustic disturbance was greater due to building activities conducted adjacent to the protected areas to regulate tidal flow inside the lagoon.
The novel part of our experiment is the development of a tool to implement monitoring protocols in disturbed areas. We considered that measurement of corticosterone metabolites (hereafter CM) hormones in captive bred individuals could be useful to predict the effect of disturbance to wild populations.
Methods

Experimental setting
Four sites were selected for this study on the basis of their environmental acoustic conditions, one of which was in the centre of Venice (urban site) and the remaining three were rural sites. At the urban site, outside of the crowded areas of Venice, Italy, birds had to face the everyday environmental noise level of a city where car traffic is absent. The rural sites (Nat1, Nat2 and Nat3) were situated at each of the three inlets that border the Venice lagoon, where a flood barrier system is currently being constructed (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) to control exceptionally high tides. These rural sites were located in areas included in the "Natura 2000" European ecological network, with vegetation dominated by Populus alba and Pinus sp. and shrubs such as Rubus sp. and Eleagnus angustifolia, as well as a complex bird community. So they are strictly comparable from an ecologic point of view (vegetation cover, human disturbance, land use), but at the Nat3 site noise disturbance was greater due to the actual building activities carried out at the time of the study.
The ambient acoustic levels measurements were provided by University of Ferrara and by the environmental office of Venice city council. Noise measurements were obtained using a Bruel & Kjaer phonometer model 2260 fitted with a Bruel & Kjaer microphone model 4189 and with measurements recorded every minute. Means ± standard error at all four sites are reported in Table 1. A total of 11 birds were obtained from authorized dealers (FOI, Italian captive-breeders Federation). Birds were singly housed in wire net cages, with no visual contact with the others. Each cage measured 40x40x60 cm and had two perches each as well as two feeders (with Canary grass, Phalaris canariensis) and two bottles of water. Cages were located on sites protected from exposure to weather and had a protective roof and shadowing netting. Cages were also protected from predators with a metallic grid covering all sides of the cages.
During the whole period birds were fed ad libitum and fresh water was constantly provided. At the beginning of experimental trials, birds were relocated from the location of their rearing to a common place at the urban site for three weeks to habituate them to the new cages. We then randomly assigned three individuals to each of the three rural sites, and left two at the urban site. They were left four days for habituation to each site before we took the first sample. Although there is no evidence of a decrease in cortiscosterone metabolites after the dropping has been excreted, we selected the freshest dropping sample from each cage every three days until three samples had been obtained from each individual. Once collected, the dropping samples were kept in a freezer at -20º C until CM analysis was performed. The birds were then taken back to the common urban place until the next experimental trial started. Three trials were carried out, commencing in June, September and October 2007. Birds were located at a different site in each trial.
At the rural sites, bird cages were positioned inside the enclosed ground of the building sites for the barrier system, far from any external activity and as close as possible to natural habitats. At the urban site, cages were located in a court surrounded by high buildings (3 stories) inside the university department, where only the authors had access. At the end of the experiment, birds were returned to the breeder.
Stress hormones extraction and analysis
For extraction, droppings (0.05 g) were diluted with 0.2 ml water in a microcentrifuge tube vortexed for 10 sec and, after adding 0.3 ml methanol, vortexed for a further 15 min using an Eppendorf vortex. Subsequently, the tubes were centrifuged (14000rpm, 1 min). An aliquot of the supernatant (0.2 ml) was transferred into a new tube and diluted with 0.1 ml assay buffer.
To select the assay for the experiment nine randomly selected samples were extracted and assayed using four enzyme immunoassays which are group specific for 11ß-hydroxyetiocholanolone (Frigerio et al., 2004 ), 11-oxoetiocholanolone (Möstl et al., 2002 corticosterone (Palme & Möstl, 1997) and tetrahydrocorticosterone (Quillfeldt & Mostl, 2003) All assays showed the same trend but the assay for 11-oxoetiocholanolone showed highest values and was therefore selected for analysing all samples. (The antibody for this assay was raised in rabbits against 5ß-androstane-3 α -ol-11,17-dione CMO:BSA, as label 5ß-androstane-3α-ol-11,17-dione CMO linked to biotinyl-3,6,9-trioxaundecanediamin (Fa. Pierce, New York, USA) by a mixed anhydride reaction was used.)
Data analysis
To confirm that individuals did not intrinsically differ in their stress hormone levels, the variance in the hormone assay data was tested for homogeneity using a Levene's test. We tested for differences between sites using a General Linear Model (Tabachnick & Fidell, 1996) , with corticosterone metabolites as dependent variable, site as fixed factor and noise levels as random factor. When analysing the effects of acoustic disturbance we used mean daily noise levels recorded at each site.
Results
Comparing data from the three trials obtained in the urban site, we observed a statistically homogeneous trend (Levene's test P=0.06) indicating that there were comparable noise levels during test times, no exceptionally disturbing events and that the individuals reacted similarly.
Stress hormones levels of the individuals at the urban site were higher than at the rural sites except for site Nat3 (Table 1 ). There were no differences between sites Nat1 and Nat 2 in the level of CM; the hormone levels measured remained constant during the three trials (Levene's test P=0,787 for Nat1 and P=0.722 for Nat2) and they were below the hormone levels found at the urban site. Conversely, higher levels of CM were measured at site Nat3 compared to the other rural sites (P < 0.05 for Nat1 and P < 0.01 for Nat2).
Specifically in the trial carried out in June, we found that the urban and Nat1 sites had higher levels of stress hormones (Table 2, P<0 .001 in all cases). Subsequently, in the second trial (September) we found that, again, birds in the urban site had higher levels of stress hormones but that they were lower than at site Nat3. Differences in stress hormone levels between these two sites (urban and Nat3) and sites Nat1 and Nat2 were significant (P<0.01). During the 3rd trial, we found that the birds at site Nat3 had higher CM levels, while birds at the urban site showed hormone levels similar to the individuals at sites Nat1 and Nat2. Differences in hormone levels between Nat3 and all the other rural sites were significant (P<0.05), but there was no difference in hormone level between Nat3 and the urban site (P>0.05).
We found that only site had an effect on stress hormone levels (One-way ANOVA for corticosterone metabolites F3,105 = 3.53, P< 0.01), while noise level (24 hr) was only marginally excluded from the model (F1,105 = 3.4, P> 0.06). There was, however, a strong correlation between noise levels and site, with site Nat3 showing higher noise levels compared to the urban site and the other two natural sites (P< 0.001 in all cases).
The correlation between acoustic level (diurnal noise only) and stress hormone levels resulted to be statistically significant with an increase of hormone levels at increasing acoustic levels ( r= 0.323, P< 0.01), while nocturnal noise did not affect the stress levels ( r= 0.167 P= 0.15). Also, we observed that the day of the week had an effect, although not significant, on the stress hormones levels; CM levels were higher on working days compared to resting days (Sunday; Figure 1 ).
Discussion
Our results indicate that the effects of a chronic acoustic stressor are measurable in captive-bred indivuduals using corticosterone metabolites in droppings. Similar results have been obtained from other small passerines, but analising corticosterone metabolites in blood (Alexandrov et al., 2001; Tilgar et al., 2010; Tilgar et al., 2009 ). We also observed that males and females react in a similar way to stress. The use of CM levels in droppings as an indicator of stress is reliable, given that the data were consistent among the three performed trials. Furthermore, the results of this study show that, as expected, the levels of CM found in greenfinch droppings correlated with the amount of noise that the birds were exposed to.
Looking at the results obtained from the rural sites, it turns out that at site Nat3 individuals are likely to excrete the highest amount of CM in their droppings. In accordance with mean noise levels recorded at that site, it can be concluded that the level of stress hormone is directly dependent on the noise level. The levels of acoustic disturbance were lower at sites Nat1 and Nat2 since different building activities were carried out during the trials and glucocorticoid levels were low.
It is possible that wild bird communities will present similar levels of stress if their habitat has similar levels of noise disturbance. This will be especially important if individuals cannot relocate (e.g. if they are in the middle of a reproductive event or if an alternative site is not locally available (Gill et al., 2001) . The use of caged passerines to estimate the stress levels of a bird community may constitute a useful tool for managing the activities that can impact on bird welfare. This is a fact of paramount importance for the management of protected areas and for ecological networks such as the European "Natura 2000".
It was unexpected that a high level of CM was produced by birds from the urban site given that noise levels were similar to or less than those recorded at sites Nat1 and Nat2. There may be many factors responsible for this finding, such as being on an inner court, instead of on open spaces as in the other sites, the presence of large number of rats (Rattus norvegicus) in the city, but those directly linked to urban life deserve, in our opinion, particular attention, as cities and towns are habitats far from any found in nature where life conditions may induce in individuals different forms of stress responses (Scheuerlein et al., 2001; Ylonen et al., 2006) . Urban-settlement by birds (as well as other organisms) is a widespread and increasingly active process in which the species colonize man-made spaces directly or through different forms of adaptation or even of pre-adaptation (Diamond, 1987) . A markedly broader environmental tolerance may predispose some bird species to thrive in urban habitats, as estimated by Bonier et al. (2007) . The mechanisms that mediate such adaptative capabilities are poorly understood but they probably reflect changes in physiology and behaviour (Moller, 2008) as a consequence of a high phenotypic plasticity and rapid power of prior evolution.
Some variation in the stress hormone levels may be influenced by other environmental variables, such as temperature, oestrus cycle or food type (Touma & Palme, 2005) , but it has also been concluded that, despite these possible biases, stress hormone analysis still produces reliable results (Lane, 2006; Sheriff et al., 2010) . In our study all experiments were carried outside of the breeding season, so alteration by reproductive activity can be dismissed. Furthermore, the type of food was constant for all birds during the whole study and, therefore, differences in stress hormone levels are not likely to be influenced by this factor. Temperature may also influence results, such that individuals in colder conditions exhibit higher hormone levels if they are not adapted to such temperatures or temperature changes are drastic (Goymann et al., 2006) ;nevertheless we carried out the experiments in early summer (June) and after summer (September and October), when temperatures are high, but likely not so high as to create discomfort to this bird species in its natural habitat.
Although our sample size was low due to difficulties of finding more individuals of captive-bred greenfinches, we propose the use of captive bred individuals to monitor how human disturbance may affect resident populations, without the need to constrain wild-born individuals to caging.
It would be interesting to repeat this kind of study in different disturbance conditions, with different animal taxa in order to have a wider range of information to assess how environmental disturbance affects the metabolic status and consequently welfare of natural animal communities.
Animal welfare implications
From the results obtained in this study, we propose the use of captive bred individuals to estimate the effects of disturbance on free wild birds, without constraining the natural populations to unneeded disturbance or caging. Figure 1 . Mean stress hormones levels according to day of the week. It can be observed that during workdays stress hormones levels are higher, compared to Sunday (Saturday is also a working day in this area)
